
In thef last few years WB have been fntereatei in the study d ps8Sible ~~~~et~ve reactions l of 
abistic add methyl s@8r t& ~~~~, thmgb the epoxida~n of ev&ugpted dknes has bean 

2-4 
Qccasfonullyetudied , that of &ietie acid or methyl abieiate ie dt wk documented. A ffrst 

report’ indicated the formation ok o monoeportde, as a very minor product of the photooxidation 

of A, These atzthorS5 ik8#i@l the Mmfi@ar&on TV tbi3 compound, Later reports point to the 

formation of sever& enoxides (no Avther ~~~~r~~~~} or disclose tb8 preparatfon of 

epotidos end dials, tn unsteted @eIde, by treatment of methyl abietate with peraoetic~acid. The 

stereoohem@try aeatgned to these products 
7 
, apparently based on a correlation with the first 

reported epsxide 5 has not, in our opinion, been established on a firm base. 

We report ha-e the resrJRs obtained by the reaction of m-chkwoperbenzoic aoid fm-CPBA] 

with methyl abietate in neutral and acid media. 

Infttaf experiments, u&g a s~i~ornet~~ amount of mX!PBA In anhydrous dichloro- 

methane at 00 C led to the isolation of 13 B, 14 6 - and 130, 14a -mohoepoxides (2 and 3) in 

modest yield only (20 I, 2 : 1 ratio). Epoxide 2 war a solid 2? m.p. 60-62O C; (‘I-l I&R: 3. lo, 8, 

14-B; 3.80, m W f3 Hz, 7-a. Epoxide 2 was akxo a so&I, m.p* 68-10~ 6; I’H NMR: 3, IO, 8, 

X4-H: !$.9Q, m W f 6 Hz, T-H), The ~~~~~ivn crf the oxirane ring was established considered 

the ohemkal shifts assigned to C-2 and C-11 3n the l3 C NM[R spectra of both substances, These 

assignments reverse those prevfously made . 3.7 

It is well eetahlishad 8 that the epoxy grwp on a six-mwnbored ring hae ,8n e@ect on 

the homoal%yUo oerbon (t from wygenl bating an add &+rqp atom. If the spoddb cqgen 

Md the axial rqpw in the Y poattinn are e& to ohs oPotinm the carbon atam bssrfag Q-t* 

h@rogen is alftrrrys stron& shielded 43. b - tL0 ppm1. &ever, tn the case of tram x+&&ion- 

abip, the chemiorrl hlft of the Y aarlmn fe only eUghUy affected. Thie sterio edtect ie reflected 

in the chemicaI nhift chmgee of CM fram & to 2 and C-11 from A to 2, suoh as it oould be 

expeoted from the correapondIng d&grome a~ 
93 
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‘I’he total yieId of these two eporidee could be slightly improved adding anhydrous sodium 

carbonate or potaesium fIuoride ’ to the reaction media (see Ekperimental). It appears that the 

13, ll-double Ii&age of 1 is richer in electrons than the 7,8-double bond. This is in agreement 

with the result obtained in the 0s04 dihydroz+ation of methyl abietate. The reaction occurs 

preferentiaIly on the former bond yielding the 13 e-14 g-dibydroxyderivative 24 
. Epoxide formation 

has electronic and eteric requirements similar to those of the oemylation reaction. Consequently. 

the formation of the 13 6,14 6-epoxide (2) as the major reaction product should be reasonably 

expected. 

Other substances 10 
were present in the crude reaction product, most prominent among 

them were mixtures of debydroabietic acid methyl ester and unidentk’ied dienes (UV and NMB 

evidence), and m-ahlorobensoyloxy-derivatives corresponding to the. aoid opening of these 

epoxides. No diepoxidee or only trace amounts could be detected. The starting material have 

completely dieeapeared during the reaction. 

It was already apparent that the initial epoxides underwent a series of fast reactions lead- 

ing to complex mixtures of compounds. In order to elucidate some of these possible pathways 

and help to the identiflcition of the reaction products, the solvolyeie of the eporides 2 and 2 was 

then undertaken. 

18 
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2 8 -epoxide 

3 a -epoxide 

1 Iv- a -OH 13 B-OH 
Is 

8 It’= a -0 But 13 B-OH 

lo RI= a-OBut 13 o-OH - 

17 7,8 a -spoxide; 13.14 6 -epoxide 

2 7,88-epoxide; 13,14”-epoxide 

e 7.8 a -epoxide; 13,14 a-epoxide 



The reaction of i with 0.12 N perchIoric acid in t-butanol (2 : 08 v/v) at 00 C affo&& a 

mixture. of three 6ub8t~cee (incm~g T$ value order): methyl 7 a, 1s B dihydroxy-abietate 

(I). methyl 13 6, 14:a -dlbydroxy-abietate (9, and methyl 70 -t-butoxy, 136 -hydroxya (2). 

The ‘H NMR spectrum of the dial i, a new compound, &owed the *UC proton ai@ 

as a broad multiplet centered at 6 5.75 and the C-14 proton eignal occurred an a sharp minglet at 

6 3.85. Three signala at 74.01, 76.45 and 47.64 ppm of the 13C NMR spectrum of 4 were 

assigned to C-13, C-14 and C-O respectively. Comparison of this latter value with those 

published l1 for the two ieomeric 14-hydroxy-derivatives of methyl ieopiramate suggeeted an a- 

configuration of the C-14 hydroxyl group of 1. A similar analysis showed that the C-7 hydroxyl 

or t-butoxyl group6 of compounde 1 and 8 had an a-configuration. The 
13 

C NMR spectra of 

both compounds showed the predictable Y-gauche effect on the chemical shift6 of C-O (47.26 and 

47.07 ppm respectively) and C-5 (41.83 and 42.07 ppm reepectively) (see TabIe 1) as it has been 

observed in the case of 7 a-hydroxy methyl pimarate when compared with methyl pimarate 
11 

. The 
1 
H NMR spectrum of compound 1 has signals at 6 4.20 (m, W f 9 Hz) and 5.70 (br a, W f 3 Hz) 

assigned to 7-H and 14-H reepectively). Analogous eignale at 6 3.90 and 5.55 appeared at the 
1 
H NMR spectrum of 1. An allylic stabilization 12 

of the original carbocation Beems to be 

reeponeible of the formation of compound8 1 and a. The B -configuration of the C-13 hydroxyl 
21 

group of i, 2 and 8 wae baaed on mechanietic ground& For the case of 4 it was alao confirm- 

ed by using a chemical correlation with the previouely described 13 B-hydroxy-14-oxo-abiet-7-en- 

l&ok acid 24. 

TWO products 2 and 10 were aleo isolated from the reaction of the 13c. 14 c -monoepoxide - 
2 with 0.12 N perchloric acid in identical conditions to those deecribedkabove. The 0: -stereo&e- 

tietry assigned to the C-14 hydroxyl group of the vicinal dial 2 was euggested by the observed 

chemical shift of C-O in the 
13 C NMR spectrum of this compound (46.77 ppm). The tie arrange- 

ment of the vicinal dial wae confirmed by the formation of a complex with boric acid 88 evidenced 

by the 
13 

CNMR spectrum of 2 in pyridine-chloroform (1: 1) solution saturated with boric acid 
13 

. 

7-H and 14-H of compound 2 appeared as a multiplet (W f 9 Hz) and a elngled at 6 5.70 and 4.00 

respectively. Compound 2 hae not been formed by a normal diaxial opening of the oxirane ring 

but through a etabilked allylic carbocatioh 
22 

Assignment of a 7 a-configuration to the ter-butoxyl group of g followed from the obeerved 

y -gauche effect on the signals assigned to C-5 and C-S. In fact the chemical shifts of the C-l 

to C-7 carbon atoms of 10 were almost identical to thoee found for compound S (eee Table 1). - 
Analogous results were obtained when the aolvolysie of epoxide 2 wae carried out in tetrahydro- 

furan : water (10 : 1) with perchlcric acid in catalytic amounts. Compounda 2 and 11 were 

isolated 21. _ 

- 
Compound 11 constituted almoet 50% of the total yieId. Its ‘H NMR epectrum 

exhibited two signals at 6 4.15 (m, W f 6 Hz) and 5;65 (br 8, W f 3 Hz) assigned tc 7-H and 14-H 
13 respectively. The C NMR data (see Table 1) was aleo coneietent with the stereochemistry 

aaeigned to this compound. 

It was expected that the identification of a.U these prcducte it would help UE with the inter- 

pretation of the complex mixture which was obtained during the epoxidatlon of 2.. Other poeeible 

reaction producta could be diepoxtdes or epoxidee of the dbla obtained durlnp the eolvolyeie 

reaction. Conrequently, epoxide 2 was subjected to vn with m-chloroperbenzoic acid in 

preeence of anhydroue sodium carbonate. Although rather eluggiehly, the reaction afforded 

diepoxide 2 (73% yield). The a-conflgura&n of the new oxirane ring was auggeebd by the 
13 

C Nhk data (see Table 2) and wae comlatmt with the med ehrlc and electronic effects 
14 

. 

The reaction of epoxide 2 under identical conditiona afforded a mixture of two diepoxidee (s and 



Table 1. 
13 
C NMR ch&nical shifts (ppm) for hydroxycompounde and other derivatives, (h 

%! 

4 !!* 20 - 

C-l 39;1 

c-2 18.1 

c-3 37.3 

c-4 48;8 

c-s 45.2 

C-8 26.6 

C-7 126.2 

C-8 140.8 

c-9 47.8 

c-10 3499 

c-11 19.8 

c-12 29.1 

C-l& 74.0 

c-14 78.4 

C-16 3311 

C-18 18.5 

c-17 18.5 

CT18 178.7 

C-19 17.5 

c-20 15.4 

c-21 52.0 

38.8 38.2 

18.-O 18.1 

37.0 37.0 

48.5 48; 9 

44.8 41.8 

25.3 31.8 

123.3 72.8 

138.0 144bo 

48.8 47.3 

34.7 37.8 

20.1 17.0 

28.7 30.0 

74.9 71.4 

77.1 131.3 

28.7 37.7 

18.1" 18.8" 

15.9" 17,4a 

179.0 178.9 

17.4 17.1 

15.1 14.4 

51.9 52.0 

38.1 

18.2 

38.3 

47.3 

42.1 

32.8 

71.7 

144.4 

47.1 

37.7 

17.0 

29.7 

71.4 

129.1 

38.1 

18.i8 

17.3a 

179.0 

17.0 

14.4 

51.7 

38.1 

18.3 

38.3 

47.4 

42.4 

33.4 

71.8 

142.0 

46.6 

38.8 

17.9 

31.2 

72.0 

130.0 

38.2 

17.0a 

18.7" 

179.0 

17.0 

15.0 

51.7 

37.8 

18.2 

38;9 

47.0 

42.2 

31.9 

72.3 

140.5 

45.8 

38.4 

18.1 

31.9 

72;2 

132.8 

35.8 

18.8a 

18.7a 

179.1 

17.0 

15.0 

52.2. 

37.8 

17.9 

38.8 

47.2 

48.0 
b 

41.4 

211.4 

48.4 
b 

50.sb 

38.0 

21.2 

29.9 

73.4 

88.7 

28.8 

18.2" 

18.08 

177.7 

18.4a 

13.8 

52.2 

37.9 37.8 

17.8 17.8 

38.8 38.4 

47.4 47.0 

42.1 42.9 

30.2 
b 

30.1 

72.0 71.3 

86.4 87.8 

48.3 40.7 

37.5 38.7 

13.8 15.4 

30.5 
b 

27.9 

70.2 70.3 

83.4 88.5 

38.8 36.9 

17.0a 17.1" 

18.5" 18.4a 

178.8 178.8 

17.1 17.2a 

14.9 17.8 

51.8. 52.1 

58.7 

17.7 

38.7 

48.2. 

47.3 

39;7 

206.4 

82.9 

43.9 

37.2 cn 

17.4 F' 

27.7 
I 

71.8 2 

85.9 $ 

32.7 

18.8" 

18.sa 

177.7 

18.8a 

18.2 

52.2 

a,b Reversed assigIUIIentiS ab3o Possible. 

l sim for OC_(CH3)3 and OC(H3)3 occurredat 73.7 and 28.8ppm respectively. 

l * a- for ~_(CH~)~ and 0C(c_H3)3 occurred at 73.7 and 28.9 ppm respectively. 

*** Sim for OC_(CH3)3 and OC(C_H3)3 occurred at 73.8 and 28.8 ppm respectively. 



l9J (1: 2 ratio, 76% OVeWl yield). Apparently, here, rteric reasons prevailed over el@IYmic 

effects and the 0,0 -diepoxide was the main rwction product. 
13 

C NMR data of both aubetancee 

gave an indication about the stsreochsmi etry of the new oxirane ring. 

Two compounds S and 11 were also subjected to epoxidation with m-chloroperbenaoic acid. - 
Compound S gave a single product g (88% yield). The B-stereochemistry assfgned to the 

oxirane ring seemed con&Sent with the 13 
C NMR data, and it should be expected according to 

the syn-directing effect of the hydroxyl group and the steric effects. The epoxidation of 11 with 

m-chloroperbenxoic acid afforded also a eingle product (16) in 77% yield. The 13C NMR spec- - 

trum of s exhibited a shielding effect on the signal assigned to C-9 (when it was compared with 

the spectnuu of 11). This was consistent with an a -configuration of the oxirane ring. In addition, - 
when dial 11 was epoxidtzed with t-butylhydroperoxide in the presence of vanadyl acetyl aceton- 

atel’, the same product 16 was also isolated (53 %), and this is consistent with the stereo- - 
chemistry assigned to the oxirane ring. Another compound obtained from this reaction was the 

ketodiol (l2) (see above). This product was possibly (~1 artifact formed during the separation 

process on a silicagel column 
16 

since its presence was not detected during the t. ,I. c. analysis 

of the crude reaction product. The cis arrangement of the vicinal dial system of 12 was supported - 

by 
13 

C NMR data obtained in the presence of boric acid 
13 

. 

In order to gather further chemical evidence for the anomalous cis arrangement of the - 

hydroxyl groups in compound 2 as well as to establish a procedure to functionalfoe selectively 

one of the double bonds of 1 we carried out the following sequence. 

gg-+g-@-@z 
2 2 2 2 

11 16 (77%) - 20 (97%) - 2 (66%) 

Compound 2 was oxidized with chromium trioxide-pyrldine complex to afford the corres- 

ponding 7-k&o-derivative 2J in fairly good yield (87%). Treatment of E with trimethyl silyl 

chloride and aqueous hydraaine in dimethyl formamide 16 
gave compound 2 with a reasonable 

yield (66%). The application of ,thie procedure to the mkture of 1,4-dials (i) obtained by the 

epoxidation of 1 with m&WA in tetrahflroti: water (10 : 1) would sllow us (see Expsrimen- 

tal) to tramform tkese major reaction pro-t6 into a mixture of 13,14-diols (2) in a multigrun 

scale. 

type 20. 

This last product (2) could be used, eventually, to prepare sesquiterpenes of the drimsne 

s 15 - s 
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Tlhle 2. ‘8C NMB chemical shifts (ppm) for epowlde compounda+, 2, II. s and 10) - 

2 3 17 18 - - Is 

C-l 37.8 38.8 38.4 39.4 38.4 

c-2 18.1 18.0 17.9 17.4 17.9 

c-3’ 37.3 37.0 38.8 37.4 38.8 

c-4 48.7 46.5 48.3 46.5 46.3 

c-5 45.4 44.2 39.9 44.0= 89.7 

C-8 26.0 25. Sb 23.0b 23.Sb 23.0b 

c-7 129.7 127.6 58.6 59.0 57.8 

C-8 133.0 134.3 55.4 59.8 57.5 

c-9 50.7 47.5 49.3 44.4c 46.3 

c-10 34.6 34.6 34.0 34.7 35.6 

c-11 16.6 22.8 15.8 20.5 17.7 

c-12 26.0 25.sb 2<rlb 24.7 b 24.4b 

c-13 64.2 68.7 63.0 65.0 65.3 

c-14 60.9 62.8 62.2 62.2 62.3 

c-15 34.0 35.4 33.1 35.1 33.5 

C-16 17.7” 17.4” 17;sa 17.1a 17.7” 

c-17 16.1” 18.1” 17.9” 18.0a 17.sa 

C-18 178.9 178.8 178.2 178.7 178.3 

c-19 16.8 17;o 17.5 16;8 17.5 

c-20 14.1 14.3 15.4 15.4 16.0 

c-21 51.8 51.9 51.8 51.9 52.0 

a, b and c 
Reveraed assignment is also poeeible. 

EXPERIMENTAL 

Methyl abietate (A) used in this work was obtained through methylation of commercial 
abietic acid (Fluka) with diazomethane in ethyl ether solution at -240 C and fiBration through 
ei.Iica gel (hexane : ethyl acetate, 9 : 1) or neutral alumina (hexane : ethyl acetate, 99 : 1). Column 
chromatography wae done either on silica gel 80, 70-220 mesh (Merck) or neutral alumina, (IV, 
70-230 mesh (Merck), as referred; t. L c. was carried out on plate6 of silica gel 60F (Merck). 
lH NMB spectra and l8C NMB spectra were meatwired with a Varian 390 (90 MHz) a?lfi4 either a 
Bruker WP-80 (20.1 MHz) or WP-360 (90.5 MHz) spectrometera reapeotively in CDCl2 solution 
with tetramethyleflane as internal reference. 
the aid of off-resonance and noise decoupled 

&,~$ggen;~~~~C NMB ehifte were made with 
M.p. 6 were determined in a 

Kofler hot-stage apparatus. Optical rotation6 were measured’in chloroform solutions unleee 
otherwise stated with a Perkin-Elmer 141 polarimeter. 

Reaction of methyl abietate with m-chloroperbenzoic acid. (a) With one equiv. in diciiiorometane. 
To a stirred solution of methyl abietate (A) (548 mg, 1.73 mmol) in dichloromethane (10 ml) at 
O” C m-chloroperbenzoic acid (809 mg, 1.79 mmol), was added as a single portion., The mixture 
wae stirred for 5.0 h and then washed with a solution of sodium metabinalphfte, water, saturated 
sodium hydrogen carbonate solution and water again. solvent wae .removed under press to 
give a syrup which was than chromatographed ~1 neutral alumina (50 g). Elutlon with hszane 
afforded a mixture of at leaet three producte ( C NMB) with the same BF and showing lJV 
absorption (44 me). Further elution with herane: ethyl acetate (98: 2) afforded methyl 13 6 , 
14 B-epoxyabler-7-en-18-oate (2) (60 mg, 10 %); m,p. 60-620 C, [a] B +o. 30 (c 8.74); 6 H 5.80 
(lH, m, W $9 Hz. 7-H), 3.65 (SH, a, ~HQ), 3.10 (lH, 8, 14-H), 1.~20 (SH, s, 4-Me). l.OOand 
and 0.97 (6H. 2d. J 7 Ha, 15-Me2). 0;80 (SH. a, lo-Me); (Found: C, 75.86; H, 9.38; 
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C2lH32O3 raquire~: 6, 75.66; Ii, 9:70%) md -1 13 a, 14 a-•paPrgdlet-lrmlS_ *@ 
(25 mg, 4%); BB.~. 66-70” C; [aI D b4.50 (c 1.,33 in CH2C12); 6 5.90 (lH, m, Wi 5 Hz, 7-H), 
3.60 (SH, 8. OCH3), 3.10 (1H. 8, 14-H), 1.25 (3H. 6,. 4-Me), Eb. 95 and 0.93 (6H, 2d, J 7 Hz, 
15-Me2), 0.75 (SH, 8, IO-Me); (Found: C, 75.47; H, 9.51; C2lH32C3 requires: C, 75.86; 
H, 9:70 %) along with a mixture of 2 and 2 (30 mg, 5%). 

(b) With one equiv.. in dicbb rom&hane.in the pmeutce of anh+mbze carbonate (1 ef@v.). 
To a stirred e&&on of methyl abietate (AI (204 mg. 0.64 mmol) in didommethane (10 ml) at 
-80 C anhydroue sodium carbonate (75 mg, 0.71 mmol), and m-CPHA (122 mg, 0.71 mmol). 
were added ae eingle portions. The remtHing solution wss stirred for 7;O h and then worked up 
88 above. Chromatography of the crude product in neutral alumina under the previous conditions 
afforded 2 and 2 ae a mixture (57 mg, 27%) which was not rechromr;tographed. 

(c) Witb one equiv. in dichloromethane in the presence of KF (two eqtiv. ). To a SuePeneb Of 
freshly activated KF (86 mg, 1.46 mmol) (1 h, 1100 C, 1 mm Hg) in 2.8 ml of dry di-- 
methane, m-CPHA (128 mg, 0.74 mmol) wea added. The mixture was stirred for 30 min at 
-240 C (dry ice, Ccl,) and then methyl abietate (L) (180 mg, 0.57 mmo&) in CH2Cl2 (3 mJ.) was 
added. The reaction mixture watt kept with stirring for 24 h at the fame temperature, filtered 
off, dried under vacuum and the resulting syrup chromatographed a8 above to yield 2 and 2 (68 
mg, 34%). 

In all theee cases, besides the monoepoxidee, variable amoun 
ces (dehydroabietic acid methyl ester and a mixture of dienee; 1;:; ?!CtiN~~~~m~&~; 

benzoyloxy-derivative6 (lH NMR) and diepoxidee (t. L c.), were detected. 

(d) With one equiv. in tetrahydrofuran : water (10 : 1). To a stirred solution of methyl abietate (A) 
(1.450 g, 4.6 mmol) in THF: H20 (1O:l) (165 ml) at OOC, m-CPHA (949 mg. 5.5 mmol) wa6 
added as a eingle portion, The reaction was kept with stirring for 36 h. No major change in the 
composition of the reaction mixture was observed after 20 h. Five main spots were detected 
(t. 1. c.)[hexane : ethyl acetate (8 : 2) and then hexane : ethyl acetate (1: l)l Work up was carried out 

as usuaL SeparaHon was achieved by chromatography in neutral alumina. Elution with hexane 
afYorded a mixture of UV absorbing substancea dienee and dehydroabietic acid methyl ester 
(234 mg, .lS 56) (t. I. c., ‘H NMR). Further elution with hemane: ethyl acetate (98: 2) gave a mix- 
ture of the monoepoxides 2 and 2 (340 mg, 22%) (t.l. c., lH NMR). Elution with hexane: ethyl 
acetate (9: 1) afforded compound 2 (5O mg, 5 %) elightly impurified with m-chlorobenzoyloxy- 
derivatives (t.Lc;. ‘H NMR). Elution with hexane : ethyl acetate (7 : 3) afforded compounds 1 
and 2 ae a mixture which after chromatographic eeparation gave 1 (433 mg, 27%) and 2 (97 mg, 
8%). Finally, elution with hexane:ethyl acetate (2: 8) gave compound 11 (244 mg, 15%) (see 
below). 

Solvolyeie of compound 2 in t-butanol. To a stirred solution of epoxide 2 (293 mg, 0.92 mmol) 
in t-butanol(30 ml) at 00 C, 0.6 ml of a 0.12N perchloric acid solution wae added. The resulting 
solution was stirred for 20 min and then sodium hydrogen carbonate (75 mg) wae added. The 
reaction mixture wae then diluted with water and eztracted with ether (60 ml). The organic phase 
wan washed with saturated sodium chloride eolution. water, dried over anhydrous magnesium 
sulfate and evaporated under vacuum. Chronmtography of the remdting crude product on alumina 
(50 g) beginning with ethyl acetate : hexane (2 : 98) afforded, in order of increaeing polarity: 
Methyl 7 a-butoxy-13 6-hydroxy-abiet-8(14)-en-16-oate @) (123 mg, 37%). syrup, [alD-13. 3 (c 
2.10); 6H 5.55 (1H; br a, W 43 Hz, 14-H), 3.90 (lH, m, W+S Hz, 7-H). 3.65 (SH, 8, OCH3), 
1.20 (SH, 8, 4-Me), 1.10 (QH, 6, -OC(CH3)3), 0.92 and O.QO (8H, 2d, J 7 Hz, 15-B&2), 0.75 
(3H. 8, IO-Me); methyl 13 6,14a-dihydroxy-abiet-7-en-16-oate (i) (29 mg, 9%). oil, [a] -6.10 
(c 4.09); 6H 5.75 (lH, m, W4 9 Hz, 7-H), 3.85 (lH, a, 14-H), 3.65 (3H, 8, CCH3), 1.8 (3H. 
8, 4-Me), 1.00 and 0197 (6H, 2d. J 7 Hz, 15-Me3), 0.85 (3H, 6, lo-Me); and methyl 13 6, 7 o- 
dihydroxy-abiet-8 (14)-en-oate (1) (93 mg, 33 %) (white needles from hexane : ethyl acetate), m. p. 
lOQ-lll” C, [O]D -18. lo (c 3.15); 6H 5.70 (lH, m, W + 3 Hz, 14-H). 4.20 (lH, m, W k 9 Hz, 
7-H), 3.70 (3H. 8, CCH3). 1.20 (3H. B, 4-Me), 0.97 and 0.90 (8H. 2d, J 7 Hz, 15-Me$, 0.85 
(3H. 8, lo-Me). (Found: C, 72.02; H, 10.26; C2lH34O4 requires: C, 71.96; H, 9.78%). 

QolvolyaL of compound 2 in t-butan& Ae described above: Eporide S (218 rn6) was etirred in 
t-butanol: HClO4 0.12 N eolution (98: 2 v/v) at O°C for 90 min. Then eodium hydrogen carbonate 
(75 mg) was added. After the correeponding work up, chromatography on neutral alumina with 
hexene : ethyl acetate (98 : 2) afforded methyl 7 a -t-butoxy-13 a .hydroxy abiet-8 (14)-en-18-oate 
(10). (100 mg, 35%). syrup, [aID -480 (c 2.46); 6 5.65 (lH, br a, Wf 3 Hz, 14-B), 3.95 (lH, 
G W f9 Hz, 7-H). 3.65 (3H. 8, OCH3), 1.15 82 H, e, 4-Me and -OC(CH3) 
(6H, 2d, J 7 Hz, 15-Me2). 0.87 (3H, 6, lo-Me). Further elution with hexane: e 

). 0.95 and 0.92 

gave corn@ 5: Me&y1 13 o - 14 a 
& 1 acetate (9 : 1) 

-dihydrorp-abiet-7-en-l6-oate, (37 mg. 15.4%). 6oHd (white 
needle8 from he&e : ethyl acetate) m. p. 134-136s C, t al D+3.0 (C 2.31); &H 5.70 (1H. m. Wf 
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WIZ, 7-H). coo (la, ,8, l&H), 
15.Mea), 0.80 (%I. 6; lo-Me). 
H, 8.?8%& 
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3.82 (lH, a, CCHS), 1.25 (SH, 8, ~-MO), 0.92 (8H, d, 7 Hs, 
(Forrad: C. 71. D4; H, 10.‘25; C21AS404 requirea: c, 71.~8; 

Hydrol~eis of etwxide S in tetrahydrofuran : water with HC104 
acid (0.12 N, 10 dropa) WBB added to a solution containing 

Diluted perchloric 

(20 ml) and water (2 ml) and kept ai* rtirrhg at‘ OQ C!. 
in tetrabydrofuran 

Aftor 10 h at 0°C eodiurn mgen 
carbnate wan added and the reeulting solution diluted with water and extracted with ethyl ether. 
The organic layer wa8 washed with oaturated aodium hydrogen carbonate solution, water, dread 
over MgSO4 and chro~~tographed on neutral alumina to afford in order of elutiob: Compound S 
(55 mg, 18%) [haxane:ethyl acetate @:l)]and compound 11 (148 mg, 49%): Methyl ?a, 13a- 
dihsd 

“9” 
iet-8 (14)-en-18sate a8 a eolid m.p. 115-1180~ lajD -88.0 (c 8.38); 6H 5.85 (1H. 

br a, W 3 Hz, 14-H), 4.15 (lH, m, W f 8 Hz, 7-H), 3.85 (3H, e. OCH3), 1.20 (SH, 8, 4-Me), 
1.00 and 0.97 (8H. 2d, J 7 Hz, 15-Me2). 0.85 (3H. 8. IO-Me), characterized a8 itrr ?a -acetoxy- 
derivative (Ac20. Py, 48 h, r. t.) solid (white needles from hexane) m. p. 120~1210 C, ra]D -34.4 
(c 3.83); 6 5.80 (lH, a, 14-H), 5.20 (lH, br a. W f 8 Hz, 7-m, 3.80 (SH, 6, OCH 
iF;:j OCoffH ), 1.15 (13H, 8, I-Me), 0.90 and 0.87 (8H. 2d, J 7 Hz. 15-Me2). 0.80 

13crjsNlR (ppml 8. c-1 38.0 (t), c-2 18.1 (t), c-3 38.9 (t), c-4 47.0 (a), c-5 42.8 
(d); C-b 30.0 (t), C-7 75.; (d), C-8 138.1 (a), C-9 48.8 (d), C-10 38.3 (e) c-11 18.1 (t), 
C-12 31.5 (t), C-13 71.7 (a), C-14 135.4 (d), C-15 38.0 (d), C-18 18.7 (q); C-l? 18.7 (q), 
C-18 178.5 (I& C-U 18.7 (q), C-20 14.7 (q), C-21 51.8 (9). XOCHS 170.2 (a), OCO~H, 
21.45 (4). (Found: C!, 70.79; H, 9.73; CalH3805 requires: C, 70.37; H, 9.24%). 

Reaction of compound 8 with m-CPBA. Compound 8 (230 mg, 0.58 mmol) in CHClS (10 ml) at 
00 C wae treated with m-CPBA (130 mg, 0.75 mmol, 1.3 equiv. 1 for 24 h at O” C. -After ‘the 
umml work up and filtration through neutral alumina methyl 7a -t-bub?Ey‘-13 6 -hydraxy-8 8, 146 - 
epoxyabietan-18-oate (13) (210 mg, 88%) wao isolated. Amorphous solid, [al ‘-23.1 (a 1.21); 
6H 3.85 (SH, a, OCH )73.10 (lH, m, Wf 8 Hz, 7-H). 2.70 (lH, a, 14-H). 1.30 (SH 
1;17 (9H. s, OC(CH3~3, 1.00 and 0.98 (BH, 2d, J 7 Hz, 15-Mea). 0.93 (3H, 8, lo-Me@). 

8, 4-Me), 
(Found: 

C, 70.75; H. 10;02. C25H42O5 requires: C, 71. OS; H, 10.02 46). 

Reaction of compound 1 with m-CPBA. 
mg, 0.87 mmoU m (20 ml) 

To a stirred solution of dihydroxyoompound 11 (235 
t O°C m-CPBA (151 mg, 0.87 mmol) woe added a~ z~ingle 

portion. The solution me kept .at’ O” C for 12 h and then mom m-CPBA (55 mg 0 5 equiv. ) 

was .added. ASter eix more hours the raaction was worked up ae ueual and the &u& product 
filtered through a column of silica gel using hexane: ethyl acetate (8 : 2) aa eluent. Methyl 7 a, 
13 a-dihydroxy-8a. 14a-epoxyabietan-18-oate (18) (189 mg, 77061, eyntp. Cal -40.9 (c 2.89); 
6~ 3.85 (3H. a, OCHS). 3.42 (lH, m, Wi 8 Hz, %h), 3.10 (lH, 8, 14-H), 1.23 (SH, a, 4-Me), 
1.00 and 0.93 (8H. Zd, 15-Me2). 1.00 (3H. 8, lo-Me) was ieolated. 

Reaction o$ compound 1;L with ter-butylhydropemxide/V5~ To a etirrad mlution of oompound 
7 o-85mmoI) and vanaa tyl to te(68 

at OF? wa’B added dropwiee anhz tgty&&vxide in t~u 
mg. 0.028 mmo& in dry toluane (10 

(0.8 ml, 2 mmou. 
The reaction wae monitored by t.l. c. and judged complete after 8 h at OOC (only one spot wan 
obeerved). Fremhly prepared 10% eolution of sodium sullPte (NapSOQ) was oddod dropwiw with 
atiming. When addition wae complete the ice bath wao nsmoved and stirring continued for 3 h at 
room temperature. The aqueous end organic pharee were separated and the organic layer waehad 
twice with water, bwe and water again, dried overanhydroue magneeium sulfate ODd~WL~cenkat- 
ed to afford a syrup which was diesolved in CHC13 and chromatographed in silica gel ti yield two 
compounds: Methyl 13a, 14a-dihydmy-‘l-oxoabietan-18-oate (2) (60 mg. 17 %), solid m. p. 188- 
19oOC. [alp 19.5 (c 1.28); 6H 4.3 (1H. br 6. Wf8 Hz. 14-H), 3.85 (3H. 8, OCH 1, 1.20 (SH. a. 
4-Me), 1.05 (SH, a, lo-Me), 0.95 and 0.90 (8H, 2d, J 7 Hz, 15-Me2). andg (16% mg, 53%). 

Reaction of compound 2 with m-VBA. To a stirred maepension of epoxide 2 (213 mg, 0.84 
mmolJ and anhydroue Na2CUg (85 mg, 0.89 mmol) in freehly dietilled and dried CH&l2 (10 ml) 
at OOC m-CPBA (133 mg, 0.77 mmol) wae added ae a eingle portion. After 20 h the reaction 
was not complete (t. L c.) and more Na2COS (27 mg, 0.4 equiv.) and m-CPBA (44 mg, 0.4 equiv. 1 
were added. Uuual work up and chromatography of the crude [neutral alumna, haxane: ethyl 
acetate (08; 211 afforded diepcuide 17: Methyl 7a. 8% 138, 148-diepoxy-abietan-18-oate ( 184 
mg, 73.5%). m.p. 65-58OC, [a]D x0.2 (c 1.88); 6 3.85 (SH, 8, OCHS). 3.15 (lH, br 6, Wf 
4.5 Hz, 7-H), 2.25 (1H. a, 14-H), 1.20 (SH, s, 
0.85 (SH, 8, lo-Me). (Found: C, 72.17; H, 9.40. 

Reaction of compound 9 with m-CPBA. Epoxide 2 (20% 8 mg. 0.83 mmol) ~98 treat& under 
fh e con one m- BA (130.7 mg, 0.75 mmol) and Na2COS (100 mg, 0.94 
mmol) for 17 h, A@ compound 2 was still preeent in the reaction mixture (t.Lc.), two auceesive 



portions of 0.5 equip. of m-CPBA and Na.$OS, ahang * 8 ml of CH2C12, were added and the 
raction further kept at O°C for 9 h. After the usual work up and chromatography in neutral 
ale of ths wude -, two compandri mm biolatd. l!XukbqMti haxatnt:atby’laoatate 
(Q8: 2) &rvo compound w Bbthyl 78, 86, 130, 24a -diepoxy-~bie&n-2I&o*ta(541ng, 24 %), 
syrup,~(wUte neettbs from banab at-%PC!).. m.p. 68-880 C. [a] -24.8 (c 2.85); 6 H 3.65 (HI, s, 
o;cH5), 3.25 (15X, d, 36Re;‘7-H), 2.80 (2H, s, 14-H), 1.15 (& 9, 4-?&e), 1.80 and f&B5 @Ii, 
d, J 7 Hz, 15-Me ), 0.85 f3H, 8, IO-Me). (Found: C!, 72.2s; H, 9.78. 
72.38; II, 9.28 %f. Further elution with me : ethyl acetate (as. 5 : 3.5) 
8 a, 13a, 14a-diepoxy-abietan-18-oate (10) (115 mg, 52%); 21 amorphous eolid, (white needles 
from hexane: ethyl acetate), m. p. 160-159oC. [alI,+ 52.9 (c 2.27); 6 H 3.50 (SH, 8, GCIi ), 3.00 
(lH, br s, W i&5 IIs, 7-H), 2.30 (lH, s, 14-H), 1.25 (3H, a, 4-M& 0.90 and 0;85 t6H. ad, 
J 7 Ha, 15-Me f, 0.80 (3H. a, lo-Me). 
C, 72.38; H, %;26%). 

(Founds C, 72.50; H, 9.77. C21H3204 retpirS8: 

Oxidation df compound 9 with CrC3.2pY. Pyridine (10 ml, 124 mmol, 18 equiv.) was added to 
a stirred suopsn~lm of CrO (dried over P2O5, 13OcC, 1 mm Hg, 5 h) (6.2 g, 62.0 mmol. Q 
equiv.) in CH2Cl2 (dietiIled &er P2O5 and stored under Ar) (100 ml) under Ar. The resulting 
solution was stirred for 30 min, and the epoxide compound s (2.4 g, 8.89 mmol) in CH2 Cl2 
(30 ml) was added in a single portion. After stirrtng for 2 It at r. t. more CH2Cl2 fl@O n@ was 
added and the resulting mixture decanted and washed three timea with 10 % aqueous NaOH solution 
(260 mI), three thee wi+ 5% aqueous HCl solution (200 ml) and once with brine (260 ml). The 
extract was dried (Na2C03) and riltered through a column of Florisil (eluting with CI$Cl$. After 
evaporation of the solvents compound 2: Methyl 13a -hydroxy-8c, 14a -epoxy-‘l-oxo-abietan-Il- 
oate (2.060 g, 87 %) was obtained (crystals from hexane: ethyl acetate), m. p. 1431145O C; Ca 1 D 
-139.3 (c 5.21); 6 H 3,60 (3H, s, OCH3), 3.45 (lH, 8, 14-H), 1.20 (3H. 6, 4-Me), 1.00 and 
0.83 (6H. d, J 7 HZ, 15-Me), 0.85 (3H, 8, LO-Me). (FOWX~ c, 69.43; H. 9.03; C2lH32G5 
requires: C, 69.20; H, 8.85%). 

Reaction of 20 with NH2N_H2._Hzo, Trimethylsilyl chloride (1 ml, 6.84 mmol, 3 WU~V.) was 

added to a solution of keto-epoxy compound 20 (628 mg, 2.28 mmol) and hydrazine hydrate (0.55 
ml, 11.4 mmol, 5 equiv.) iu anhydrous DB (18 ml) and the resulting solution under Ar was 
stirred at r. t. for 2 h. The reaction w was then tUuted with water (30 ml) and extnctrd 
with ether (3 x 58 ml), and the combined organic &rtTTcts washed with brine (190 nrl) ad dried 

Evaporation of the eolvent and fIash chromatography of the exude [hexane : eth 1 acetate, 
afforded 528 mg (66 %) of a compound which showed to be identical (1H NME, P ‘C NMH 

mip. ) to the previously obtained diol 5. 

EpcxSdation of compcunde _9 (1’ $&) with m-CPEA. A mixture of compounds 2 was treated as 
described above for 24 h in -3 at 00 C and after the usual work up yielded compounds 14 in a - 
virtually quantitative yield. 

Oxidation of compounds 14 with CrO3.2Py in dicbbromethane. Compounds 14 (6.7 g) were 
oxidized as indicated above, yielding compounds 15 as a white solid (5.4 g, 81%) which without 
further purification was used in the Wharton rear<gement step. 

Obtention of dials 3 (4 +J). The Wharton procedure (see above) wa8 appIied to the mixture of 
epcxides 15 (235 mg, 0.6 - mmol), yielding a mixture of dids 2 (115 mg, 51%). 

Oxidation and hydrolysis of compound 4. A solution of pyridinium chlomchromate (275 mg, 3 
equiv. ), anhydrous eodlum acetate (90 mg) and molecular sieves (4 &) in dry CH2Cl2 (10 ml) 
stirred for 30 min was poured over a solution of the diol 2 (103 mg, 0.437 mmol) in dry CH2Cl2 
(5 ml). After 45 min ethyl ether was added and the resulting solution filtered through a silicagel 
pad (60 G Merck), the residue was washed with ethyl ether and the solvents evaporated to afford a 
syrup which was subjected to flash chromatography to give methyl I3 6-hydroxy-l4-oxo-abiet-7- 
en-18-o& (30 uI& &H 7.00 (lH, m, W 4 8 Hz, 7-H), 3.66 (3H, s, GCH3), 1.25 (3B, 8, 4-Me), 
0.92 (6H, d, J 7 Hz, 15-Me2), 0.77 (3H, s, lo-Me) which was treated with 3N KOH (0.150 ml) 
in EMSO (0.850 ml) for 2 h at r. t. to yield, after usual work up and fJash chromatography of the 
crude, 13 6-hydroxy-14-oxo-abiet-7-en-18-oic acid (9 mg). m-p. 186-18BOC. from ether-hexane 
(lit 24 m.p. 189-1900 C). 
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